Abstract: This paper proposes a hybrid medium access control (MAC) protocol for wireless sensor 1 network (WSN) data gathering, employing unmanned aerial vehicles (UAV). The UAV sends a beacon 2 frame periodically to inform sensor nodes regarding its presence. Afterward, each sensor node which 3 receives beacon frame contends to send registration frame to the UAV. The UAV will transmit the second 4 beacon frame to the registered nodes to notify their transmission schedule. The time-slot scheme is 5 used for the transmission schedule. The transmission schedule of each sensor is determined based 6 on their priority. Specifically, the priority of each sensor is determined during the registration process. Furthermore, the architecture of UAV-WSN data gathering system is introduced in this paper. Simulations 
Figure 1. UAV-WSN network models
on the multi-objective bio-inspired algorithm for data acquisition employing UAV in WSN. The sensing, 121 energy, time, and risk utilities are the category that used for the bio-inspired algorithm to get an optimal 122 UAV path planning.
123
Regarding the MAC protocol, the authors in [17] proposed a MAC protocol for UAV collision 124 avoidance system. However, their proposed MAC protocol is not suitable to implement for data gathering 125 system. The authors in [18] proposed a cooperative sensing data collecting framework for UAV-WSN.
126
The proposed scheme is based on the IEEE 802.11 CSMA/CA MAC protocol. The neighboring nodes can 
Network Model

137
The UAV-WSN system can be easily deployed for numerous data-gathering applications in both small 138 and large areas. A node that is powered up but inactive still consumes energy. UAV-WSN systems 139 can improve nodes' power consumption efficiency by dynamically deactivating unused nodes [20] .
140
Furthermore, network performance may improve, owing to better line-of-sight (LoS) between the UAV 141 and nodes [21] . Exponent path loss is small compared to sensor-to-sensor communications. Therefore,
142
the UAV-WSN causes data gathering process to be more efficient than that in common WSN system.
143
However, the data gathering process in UAV-WSN is quite different from the common WSN data gathering.
144
UAV-WSN faces several challenges, such as short-term fairness and throughput. The common problem 145 in IEEE 802.11 CSMA/CA MAC protocol (e.g., the hidden terminal problem) can also affect UAV-WSN 146 systems, owing to different network density. In the UAV-WSN system, while the UAV moves according to 147 its flight path, it collects data from the nodes spread across the ground. Hence, data gathering is limited by information is used to acknowledge UAV trajectory for the nodes and to distinguish priority levels. Each 155 node compares its position with the UAV trajectory to determine prioritization. Also, the ground nodes 156 are assumed to act as CHs that have the task of gathering data and transmitting it to the UAV. The CH has 157 already gathered the data from its cluster before the arrival of the UAV. Each CH might gather a particular 158 type of data with a different priority from the nodes inside of its cluster. The CHs have a similar type of 159 data to transmit to the UAV. Additionally, the CH always has a packet of data to communicate to the UAV 160 such that the network is always in saturation mode. In the rest of the paper, CH refers to nodes that have a 161 responsibility to communicate and transmit data to the UAV.
162
As depicted in Figure. 1, the UAV flies at a constant speed and height, denoted by v and h respectively. During the flight, the UAV gathers data from the nodes scattered along the ground.
172
In this network model, nodes are active at least once when they receive a beacon frame from the UAV.
173
All of the nodes inside of the communication range of UAV can hear each other. Therefore, the hidden 174 terminal problem able to be avoided. As observed from Figure. 
UAV-WSN System Architecture
183
In this section, the system architecture of UAV-WSN for data gathering is elaborated. As illustrated in proposed MAC protocol such as time interval scheme and the time slot allocation process will be explained 200 in the Section. 5.
201
As for the sensor node, it has a responsibility to collect the actual sensing information. Specifically, this 
Overview of HP-MAC Mechanism
221
As aforementioned, the UAV broadcast the first beacon, and the nodes will be active. The active 222 nodes contend to send a registration frame during the registration period. As illustrated in Figure. 4, node
223
A and node B contend to send the registration frame to the UAV. Hence, both of the nodes start backoff 224 mechanism. Since node A has access to the UAV channel, it will transmit its registration frame by unicast.
225
During this moment, node B should wait until node A end its communication to the UAV.
226
The UAV receives a registration frame from the nodes and use it as information to determine the in unicast. The UAV will transmit the ack packet whenever it successfully receives the packet data from 235 the nodes. The scheduling rule will be elaborated in the following subsection.
Time Interval Scheme
237
The UAV sends the first beacon periodically to inform its presence to all of the nodes inside of UAV's 238 coverage area. This beacon contains UAV's information includes location and speed of the UAV. Each 239 node that receives beacon frame sends the registration frame to the UAV. However, the coverage area 240 of UAV should be estimated in time interval since UAV always move during the operation. The idea of 241 estimating the coverage area of UAV was initially proposed in the study of [22] . In this paper, we used the 242 time-interval scheme to form a group of sensor nodes. Therefore, each node located in the same area will 243 be formed into one group. Later, the most rear group from UAV's coverage area get a prioritize to access a 244 channel in the time-slot scheduling.
245
As illustrated in Figure. 5, the UAV periodically transmits beacon frame while it is moving to the 246 forward direction. Hence, the coverage area of UAV always changes along with the UAV's direction.
247
Specifically, the UAV has coverage A at time t with radius r uav (t). Afterward, UAV moves forward, and 248 the UAV coverage area will be covered area B at time t + 1 with r uav (t + 1) as coverage radius. After 249 passing coverage B, UAV covered new area which is area C at time t + 2 with coverage radius r uav (t + 2).
250
The group of nodes can be determined after knowing the coverage area of UAV based on its movement in the time interval. The most priority nodes group is given to all of the nodes inside of the first coverage area of UAV indexed as i = 1. This indexing scheme designates the priority level from the first area that indexed by i = 1 until the lowest priority area that indexed with i = n where n is the number of areas. Specifically, the first group is obtained based on (1):
where all of the nodes inside of the coverage area at time t are included. The following groups can be estimated based on the equation (2) as follows:
where these groups are the group in the coverage area in which indexed by i ∈ [2, (n − 1)]. The lowest priority group is given to the nodes located in the most front of UAV coverage area. this group can be obtained in the equation (3) where the area is indexed by i = n.
Registration Period
251
As mentioned, the random access scheme is used during the registration period. In this paper, we 252 used different DIFS values in the HP-MAC to ensure higher priority nodes have a chance to transmit 253 earlier than the lower priority nodes. The lower priority nodes have a higher DIFS value than higher 254 priority nodes. The DIFS value is obtained from the sum of the DIFS value of previous level priority and 255 the CW of previous level priority. This sum of DIFS value is defined as follows: 
Gathering Period
262
In the gathering period, the UAV sends the second beacon which contain schedule information of 263 each node. Hence, all of the nodes inside of prioritizing group will get their schedule information from
264
UAV. As depicted in Figure. 7, each node located in Group 1 assigned in the first slot of transmission 265 time within the superframe. The time slot is assigned to m level which is respectively g 1 , g 2 , ..., g m where
The frame time is set as T slots where T values is obtained from the sum of t 1 , t 2 , ..., t m .
267
By doing this, each node has their schedule to transmit the data. Each node is assigned based on their 268 group such that for nodes in the prioritize group has a chance to transmit earlier than the other group. 
271
The Algorithm. 1 shows the operation of MAC protocol in UAV and can be described as follows.
272
1. The UAV flies according to a flight path and transmits periodic beacon frame to inform nodes of its 273 presence. Simultaneously, nodes are activated when they received the beacon signal.
274
Algorithm 2 The MAC algorithm of UAV In WSN, the overhead of packets is not neglectable because the packet data size is relatively small [23] .
293
In UAV-WSN system, the nodes communicate and transmit their data to the UAV (many-to-one). Hence,
294
the RTS/CTS handshake is not suitable to implement in the UAV-WSN system. This is because the RTS area based on the number of nodes contending to access the UAV channel.
331
The HP-MAC protocol also compared with the MAC protocol that proposed by [19] in terms of the 332 number of retries. To analyzed it, we used a different speed of UAV and each node transmitted five packets 333 of data. As depicted in Figure. 13, the number of retries of both MAC protocol is 0% when the speed of
334
UAV is 10m/s. It is observable that by increasing the speed of UAV, the number of retries also increased.
335
This is happened due to the limited time of each node to communicate with the UAV. Therefore, the nodes experienced with the noise and collisions among contended nodes. However, the HP-MAC protocol has 337 less number of retries as compared with the proposed MAC protocol in [19] . 
